Antiarrhythmic actions of the ATP-regulated K+ current activated by pinacidil.
We tested the hypothesis that a selective increase in membrane current, as contrasted with the decreases in currents caused by most antiarrhythmic agents, would be an effective antiarrhythmic intervention. We studied models of early afterdepolarizations (EADs), delayed afterdepolarizations (DADs), and abnormal automaticity in single canine ventricular myocytes using intracellular microelectrodes or patch electrodes. EADs were induced by injected current, Bay K 8644 (0.5-1 microM), or ketanserin (1.0 microM); DADs were induced by ouabain intoxication (2 x 10(-7) M); and abnormal automaticity was induced by exposure to barium (0.25 mM). To increase outward K+ current, we used pinacidil and the protein kinase C activator 4 beta-phorbol 12,13-dibutyrate (PDBu). Under control conditions, 10-100 microM pinacidil caused a concentration-dependent and reversible decrease in action potential duration and an increase in steady-state outward current; both effects were blocked by glibenclamide and thus presumably reflected changes in the ATP-regulated potassium current. Pinacidil increased the current required to induce EADs and abolished EADs caused by Bay K 8644 or ketanserin. After exposure of myocytes to ouabain, pinacidil caused a decrease in action potential duration and diminished or abolished DADs. Finally, pinacidil arrested abnormal automaticity caused by Ba2+. PDBu (30 nM) shortened action potential duration without altering plateau amplitude in some of the myocytes. In these cells the depolarizing current needed to produce an EAD was increased by over 70%; outward potassium current tails were also increased, an effect consistent with an increase of the repolarizing potassium current (IK). These findings show that each of the mechanisms for abnormal impulse generation can be effectively antagonized by an increase in outward current and suggest to us that selective augmentation of a repolarizing current, possibly IK, might be a reasonable antiarrhythmic intervention.